The association between weight, physical activity, and stress and variation in the length of the menstrual cycle was prospectively examined in 166 college women, aged 17-19 years, who kept menstrual diaries during their freshman year. The unadjusted probability of a menstrual cycle being longer than 43 days was 5%. Women with a history of long cycles were more likely to have a long cycle during the study (odds ratio (OR) = 4.3). Stressors, characterized by situations which create a demand for performance or require adjustments to new demands, also increased the risk of a long cycle. Odds ratios for gain events and for coping with multiple performance demands (2 vs. 0) were 1.9. Starting college increased the risk of long cycles (OR = 2.3) regardless of whether a woman had left home. Moderate exercise minimally increased the probability of a long cycle (OR = 1.1, 75th vs. 50th percentiles). Change in weight (OR = 1.9) and being overweight (OR = 1.2,15% above standard weight for height) were independently associated with the probability of long cycles. When 17-to 43-day cycles were evaluated, a history of long cycles lengthened expected cycle length by 1.42 days, while dieting, living on campus, and starting college tended to shorten expected length by 1.38, 0.90, and 0.64 days, respectively. Further investigation of the biologic mechanisms that mediate the stress effect is warranted. cycle length and age (1-4). The preponderance of subsequent research has focused on weight (5-23), exercise (15, 19, 21, (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) , and life stress (7, 22, (39) (40) (41) (42) (43) , all three of which have been associated with amenorrhea and anovulation.
population of college women. It is the first to provide information on the characteristics of nonrespondents in studies of menstrual function, allowing for an evaluation of selection bias.
MATERIALS AND METHODS
In 1985, 766 of 908 (84 percent) freshman women aged 17-19 years completed a screening questionnaire to determine eligibility for participation in a prospective menstrual diary study. Women who were pregnant, were using hormonal contraceptives or hormonal medication, and had primary amenorrhea or unknown menarche status were ineligible. No one used an intrauterine device. To increase homogeneity, two women who were married and had children were also excluded.
A letter was sent to all 563 eligible women inviting them to enroll in a 12-month menstrual diary study. No incentives other than a monthly newsletter were offered. Women who volunteered within the first month of starling college were enrolled.
Participants maintained a daily record of their menstrual bleeding. They completed a self-administered questionnaire on weight, dieting, physical activity, recent major life events, contraceptive use, tobacco, and alcohol use at enrollment. Experience of major life events and changes in smoking habits were reascertained three times during the year. Other information was updated monthly by mailed questionnaires. Perceived stress and occurrence of minor life events were also reported monthly. Height and weight were measured at enrollment, in the middle, and at the end of the study.
Menstrual data
World Health Organization definitions were used for these data (44) . A menstrual segment is a bleeding episode plus the subsequent bleeding-free interval. Segment length was calculated by counting the number of days from the first day of one bleeding episode up to and including the day before the start of the subsequent bleeding episode.
Bleeding-free intervals had to consist of at least 2 days. Bleeding episodes could not consist of 1 day of spotting (bleeding requiring no protection or filling less than one tampon or sanitary napkin). Segment length was coded as missing when a woman failed to return a monthly diary or became pregnant and had an abortion. A woman's record was censored when she dropped out of the study or met any of the initial exclusion criteria. All data until the time of censoring are used in the analyses. Menstrual history variables include age at menarche and history of long cycles.
Weight
Two indices of weight corrected for height were used. Relative weight, which compares an individual's weight with the average weight of persons of the same height, was calculated using national age-and sexspecific data (45). Benn's index expresses weight as a power function of height and calculates the power directly from the data to achieve maximum correlation with weight and minimum correlation with height (46) (47) (48) . The appropriate power, based on self-reported weight and measured height, was 2.6.
Women were also asked whether they had lost or gained 5 or more pounds (2.27 kg) during the previous month. As nearly half of the women reported both a loss and a gain during the same month, we used the variable change of weight and did not evaluate loss and gain separately.
Physical activity
A summary measure of physical exertion assessed physical activity. The Seven Day Activity Recall Interview (49) was modified for self-administration and to obtain information over an entire month. For all moderate to very hard activities, women reported the type of activity and the numbers of hours spent in that activity per week and per weekend during the previous month. They also indicated the date and nature of activity changes during the month.
The metabolic cost of each activity was then rated by units of measurement of heat production by the body (METs) using five categories (1 MET, sleep; 1.5 METs, light; 4 METs, moderate; 6 METs, hard; and 10 METs, very hard activity) (50) (51) (52) (53) . Total moderate to very hard leisure energy expenditure was calculated by summing the products of the MET ratings and hours spent doing an activity across all leisure activities for each week in the study. MET values were logarithmically distributed so log-transformed values were used in all regressions.
Test-retest reliability and convergent validity with daily diaries for the 7-day recall are high in college populations (54, 55) . Variability in reported level of physical activity during the study year was consistent with expected patterns, increasing at the start of each semester and decreasing during vacations.
Life stress
Three aspects of life stress were measured: major life events, performance demand events, and perceived stress. A 36-item scale selected from the PERI Life Events Scale (56) based on relevance to college students assessed major life events. Events considered personal losses (e.g., deaths) and events considered personal gains (e.g., starting a new job) were included in loss event and gain event subscales. The effect of leaving home was assessed by comparing women who lived at home with women who did not. The effect of starting college was examined by comparing the length of the first observed segment to the length of subsequent segments.
An eight-item scale was developed to measure performance demand events: examination, paper or project, team tryout, audition, race or meet, performance, heavy homework, and extra work or family demands. These events are more predictable than major life events and do not represent change in one's ongoing life pattern. They can be conceptualized as markers of a demand for, or expectation of, a higher level of performance with the increase in demand actually preceding the marking event. The number of different types of demand was tallied each week. Perceived stress was measured monthly using the four-item Perceived Stress Scale (57), a global measure of individual perception of the stressfulness of one's life circumstances.
Analysis
Our approach to analyzing menstrual diary data is more fully described elsewhere (58) . In brief, when the distribution of segment lengths is examined, the bulk of the segments fall between 20 and 40 days and form an approximate gaussian distribution, while the remainder create an extremely long nongaussian right tail. This distribution suggests that segment length can be statistically modeled as the sum of two parts: an exponential waiting time distribution and a gaussian distribution.
We separately examined the influence of covariates on each of these two parts of the distribution. Segments longer than 43 days (referred to as "extreme segments") fall in the tail of the distribution and are presumed to have non-zero waiting times. Segments with long waiting times are consistent with clinical definitions of amenorrhea, while segments with shorter waiting times are consistent with concepts of oligomenorrhea, or delayed cycles. Segments of 17-43 days (referred to as "standard segments") fall in the gaussian portion of the distribution and are assumed to have zero waiting time.
First, we evaluated the probability that a given segment falls in the tail of the distribution using unconditional logistic regression with robust variance estimation to adjust for repeated observations from the same individual (59, 60) . Unconditional logistic regression examines the association between menstrual segment length and the absolute value of a covariate. A given level of exposure is assumed to have the same effect on menstrual function in each woman.
If women are differentially susceptible to the influence of a given covariate, however, the relative level of exposure within an individual may be more important than absolute levels. Conditional logistic regression was used to examine the effect of change in covariate levels on change in segment length in the same individual. This conditional analysis was restricted to the 37 women experiencing both extreme and standard segments. Second, we examined how covariates affect expected segment length within the gaussian portion of the distribution. Random effects regression, which accounts for the lack of independence between observations in the same individual, was used to model the expected length of 17-to 43-day segments (61) .
Since nondichotomous variables were modeled as continuous variables, after being centered about their median values, odds ratios presented for selected values of these covariates should not be interpreted as evidence of dose-response relations. Smoking and alcohol consumption were not associated with segment length and, thus, are not included in these analyses.
The covariate value assigned to a given segment was the average value of the covariate during the first 14 days of that segment. For performance demand events, the modal value during the first 21 days was used, since the stressful effect is hypothesized to precede the event. These analyses thus examine acute effects and address the question of how differences in exposure levels at the start of a cycle affect time to the next bleeding episode.
RESULTS
Of the 179 women who enrolled, eight were using birth control pills and five never returned a diary. Of the remaining 166 eligible women, 162 contributed at least one segment. Participants were somewhat less likely to report an average cycle length of 28 days and more likely to report 29-to 38-day cycles than nonparticipants (16.8 percent vs. 22.5 percent and 29.6 percent vs. 24.6 percent, respectively), but these differences were not statistically significant. Other menstrual characteristics including age at menarche, duration of bleeding, and usual severity of cramps were similar. Seventy-five women (45 percent) were censored, half because they withdrew from the study and half because they started using hormonal contraception. One woman was censored because of pregnancy.
A total of 1,257 segments were observed with each woman contributing a median of nine (range, 1-15 segments). Segment length ranged from 7 to 150 days (median, 29 days). At least one segment longer than 43 days was observed in 25.9 percent of women, while a segment twice and three times the median was observed in 11.7 percent and 4.3 percent, respectively; 71 women (43 percent) reported a lifetime history of an extreme segment. Median age at menarche was 12.7 years.
Characteristics of study participants over the study year appear in table 1. Weights were relatively stable thoughout the observation period. The median monthly change in weight was zero pounds. Each month, 10-24 percent of women reported a loss and 6-19 percent a gain of 5 or more pounds, and 8-15 percent reported dieting to lose weight. Unlike weight, physical activity varied considerably over the year. The median value of 18 METs represents less than 2 hours of very hard activity (e.g., soccer, ballet) or 4.5 hours of moderate activity (e.g., walking, volleyball). Perceived stress and number of performance demands also exhibited marked temporal variation, with reductions in reported stress following semester breaks. The most commonly reported life events were starting (n = 286) and leaving (n = 206) a job, beginning (« = 247) and ending (n = 127) a relationship, and moving ( A2 = 128); 100 women moved away from home.
The effect of censored and missing data was evaluated by comparing temporal patterns of covariates in women with complete data with patterns for all participants. The median self-reported weight of women with complete data was consistently 1-5 pounds lower than the population as a whole, and Tables 2 and 3 present unadjusted results of the unconditional logistic regression analyses. The crude probability of a given segment being longer than 43 days is 5 percent. History of an extreme segment is associated with an estimated fourfold increase in risk such that women with no such history have a 2 percent and women with a history have almost a 9 percent probability of a given segment being longer than 43 days. Length of the previous segment is linearly related to the probability of the current segment being extreme. Age at menarche was not related to the probability of an extreme (not shown), although few women had very early menarche. A woman's first segment was approximately twice as likely as her later segments to be longer than 43 days.
Although confidence intervals (CI) for the weight indices include one, both indices suggest that heavier women have a slightly elevated risk of long cycles; these coefficients are heavily influenced by women at the 90th percentile. Reporting a change in weight and reporting dieting to lose weight were associated with about a twofold increase in risk.
Living away from home and each of the major life event measures have slightly elevated odds ratios (OR), but 95 percent confidence intervals include one. Any gain event has the largest estimated risk (OR = 1.9). The weekly number of performance demands and perceived stress are both positively associated with the probability of having an extreme segment. Two demands (90th percentile) are associated with nearly a twofold increase in risk. A perceived stress score of 2 (10th percentile) has an estimated 30 percent reduction in risk, while a score of 9 (90th percentile) is associated with a 1.7-fold elevation in risk. Moderate exercise exhibited only a small effect on the probability of having an extreme segment. The 75th percentile of log leisure MET values (MET = 44) has an estimated 10 percent elevation in risk (OR =1.1) compared with the median value (MET = 18) for all segments. Activity at the 95th percentile (MET = 104) is associated with a 20 percent elevation (OR = 1.2). However, 95 percent confidence intervals do not exclude one. An interesting interaction between physical activity and chronologic segment number was also observed. Activity is negatively associated with the probability of an extreme for the first observed segment, 44 METs being associated with an estimated During subsequent segments, the estimated odds ratio for 44 METs is 1.2. Table 4 presents the results of two multiple logistic regression models. Adjustment for other covariates did not appreciably change most point estimates. Magnitude of the effect of menstrual history drops when adjusted for length of the previous segment (OR = 3.4) as does the risk for previous segment after adjustment for menstrual history.
The elevation of risk associated with being on the upper end of the weight spectrum is somewhat stronger after adjustment. The 90th percentile of weight is associated with a 50-60 percent, as opposed to a 30 percent, increase in risk. When reported change of weight was substituted for gain event in model 2, the odds ratio for change in weight increased to 2.2 (95 percent CI 1.1-4.2), and the effect of absolute weight remained significant.
The interaction between segment number and physical activity persisted after adjustment for the other variables, and the 95 percent confidence intervals for leisure METs during the first segment nearly exclude one. The positive association between log leisure METs and probability of an extreme after the first segment was markedly stronger in the conditional logistic regression analysis (j3 = 0.424). The odds ratio increased from 1.2 to 1.4 (95 percent CI 1.1-1.9) at 44 METs and from 1.4 to 2.1 (95 percent CI 1.2-3.7) at 104 METs.
Length of 17-to 43-day segments
When random effects regressions were used to model the length of 17-to 43-day segments, little of the variance in segment length was accounted for by the covariates examined in this study. The unadjusted population segment length is 28.99 ± 0.25 days (mean ± standard error (SE)). History of an extreme segment increases expected segment length by 1.42 ± 0.50 days (SE), while dieting to lose weight, living away from home, and being the first segment tended to shorten expected length by 1.38 ± 0.46 (SE), 0.90 ± 0.29 (SE), and 0.64 ± 0.34 (SE) days, respectively. Table 5 presents two adjusted models for the random effects regression. Adjusted jSs differ little from unadjusted /3s. 
Harlow and Matanoski
The covariates explained only about 3 percent of the total variance in segment length; two-thirds of the variance is attributable to within-woman variability.
DISCUSSION
This study examined the associations between weight, physical activity, and stress and menstrual cycle length in a sample of college women. History of long cycles, heavy weight, stress, and physical activity each increased the probability of having a cycle longer than 43 days. Menstrual history and stress also influenced the length of 17-to 43-day cycles.
Drew's hypothesis (40) that loss and separation are important components of stressors that perturb menstrual function was not confirmed in this study. However, gain events, such as starting a new job, increased the probability of long cycles as did coping with multiple performance demands. Starting college increased that probability regardless of whether a woman lived at home or on campus. Given these findings, an alternative hypothesis can be suggested. Gain events, starting college, and performance demands potentially all represent the same construct as each involves expectations of performance while coping with a new set of circumstances or an increased burden. Perhaps the physiologic response activated to cope with this increased demand also influences menstrual function.
Moderate activity had a small but consistent positive effect on the probability of having a segment longer than 43 days, consistent with the findings of Bernstein et al. (38) who demonstrated an increased risk of anovulation among moderately active 14-to 17-year-old girls. Ellison and Lager (36) also found a reduction in salivary progesterone levels among recreational runners. The fact that the association with exercise was stronger in the conditional than in the unconditional logistic analysis suggests that the effect of activity may depend upon individual propensity toward having long cycles. Given an underlying susceptibility, moderate exercise levels may increase the probability of long cycles, whereas the same level in less susceptible women may have no effect. If this is true, discrepancies in the reported frequency of amenorrhea among athletes as well as the contradictory evidence concerning the importance of exercise intensity may be attributable to differences in the proportions of susceptible women in study populations.
The apparent difference in the effect of physical activity on the probability of having a long cycle during the first segment as compared with later segments is intriguing. Although it could be an artifact resulting from overreporting of physical activity early in the study, it may also indicate that physical activity can moderate the physiologic impact of stress on menstrual function during periods of life transition (e.g., starting college).
Change in weight and absolute weight were independently related to the probability of having a long cycle. The unexpected finding that heavy women had greater risk of long cycles suggests that obesity or being overweight may be an important determinant of the prevalence of menstrual dysfunction in the general population. Green et al. (62) found that primary ovulatory infertility was associated with being either excessively underweight or overweight. Although the relative risk was greater for underweight women, more women were overweight. Thus, the population attributable risk was 6 percent for each weight group. Subsequent studies should place more focus on the upper end of the weight spectrum.
When both sets of analyses are considered, menstrual history and stress were more important than either weight or physical activity in explaining variation in segment length. History of an extreme probably served as a marker of host susceptibility to perturbations in menstrual function. The importance of life stressors may indicate that mobilization of the stress response has a more direct effect on reproductive function than the physiologic responses to physical activity. However, the study may simply have had greater power to examine the effects of stress.
Finally, this study also demonstrated how thinking of the menstrual cycle as the sum
